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Successful pseudorabies vaccination in maternally immune
piglets using recombinant vaccinia virus vaccines
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SUMMARY

Three gilts were vaccinated with a NYVAC vaccinia recombinant expressing glycoprotein gD of pseudorabies virus (PRV)
(NYVAC/gD). After farrowing, the piglets were allowed to nurse normally to obtain colostral immunity and then were divided into
four groups, receiving NYVAC/gD, a NYVAC recombinant expressing glycoprotein gB of PRV (NYVAC /gB), an inactivated PRV
vaccine (iPRV), or no vaccine. The piglets were vaccinated twice, three weeks apart beginning at approximately two weeks of age
and later challenged with virulent PRV oronasally. Piglets that received NYVAC/gB or iPRV were the best protected based on lack
of mortality, lower temperature responses, decreased weight loss and decreased viral shedding after challenge. These results indi-
cate effective strategies for stimulating active immune response while still under the protection of maternal immunity.

PSEUDORABIES (PR) is an enzootic disease in many parts
of the world which causes mortality of newborn pigs, respi-
ratory disease and in some cases maternal reproductive fail-
ure (Kluge et al 1992). The disease is thought to be perpetu-
ated through latent viral infections from which the virus can
occasionally reactivate and be shed back into the environ-
ment (Kluge et al 1992).

Vaccines have traditionally been important in controlling
the signs of infection with PR virus (PRV). Although vaccines
do not prevent replication or latent infection after experi-
mental nasal challenge, studies have shown that vaccination
decreases viral shedding and increases the exposure neces-
sary to initiate an infection (Kluge et al 1992). Thus, vac-
cines can play an important role in eradication programs by
helping decrease the transmission of the virus. The role of
vaccines was further bolstered with the advent of gene dele-
tion or marker vaccines that can differentiate vaccinated
from naturally infected animals.

There is still one aspect of vaccination programs for pseu-
dorabies that is a problem. Sows can be protected through
vaccination and pass maternal antibodies to their piglets in
their colostrum protecting them for a period of time.
Unfortunately, maternally derived immunity also interferes
with active immunisation of the piglets until it decreases to a
level that often leaves the piglets unprotected. In past experi-
ments, no vaccination schemes have been totally able to
overcome the suppression of an active immune response
caused by passively acquired immunity (De Leeuw et al
1982, De Leeuw and Van Oirschot 1985, De Smet et al
1994, Kit et al 1993, McCaw and Xu 1993, Van Qirschot
and De Leeuw 1985, Van Oirschot 1987, 1991, Vannier
1985, 1986).

The purpose of this study was to determine if piglets
could be actively immunised with recombinant vaccinia
virus PR vaccines or an inactivated PRV vaccine after nursing
immune sows which had received a recombinant vaccinia
virus vaccine. Three different vaccines were chosen to give
to the piglets. The NYVAC vaccinia virus recombinant
expressing glycoprotein gD of PRV (NYVAC/gD) was given
to the dams as well as piglets because in past studies it
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induced high virus neutralising (VN) antibody titres and pro-
tected well when given to seronegative pigs (Brockmeier et
al 1993). With the possibility that the immune response to
gD would be blocked by the passively acquired antibodies
from the dam, a NYVAC recombinant expressing glycopro-
tein gB of PRV (NYVAC/gB) was also chosen. This would
also give insight as to whether passively acquired antibodies
to the vaccinia vector would interfere with the active
immune response in the piglets. And finally an inactivated
PRV vaccine (iPRV) was chosen to see if a protective immune
response could be induced in the piglets with a full comple-
ment of PRV proteins when antibody to just gD was present.

MATERIALS AND METHODS
Experimental design

Three gilts were vaccinated with NYVAC/gD six and two
weeks prior to their predicted farrowing dates and two gilts
were left as non-vaccinated controls. After farrowing, the
piglets were allowed to nurse normally to obtain colostral
immunity and weaned at four weeks of age. The piglets from
each liiter were randomly divided into four groups, and
received either NYVAC/gD, NYVAC/gB, iPRV, or no vaccine.
Group identification, number of piglets per group and vac-
cine treatment is summarised in Table 1. Two injections of
each vaccine were given to the piglets, the first at approxi-

TABLE 1: Experimental groups (number of animals)

Gilt Piglet

group Vaccine group Vaccine

1 NYVAC/gD (3) 1a NYVAC/gD (6)
1b NYVAC/gB (6)
1c iPRV (6)
1d Noene (6)

2 None (2) 2a NYVAC/gD (5)
2b NYVAC/gB (5)
2c iPRV (5)
2d None (4)
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mately two weeks of age and the second three weeks after
the first. The gilts were housed in isolation facilities and then
removed at the time of weaning. The piglets were left in the
isolation rooms in which they farrowed until the end of the
experiment. Based on past studies we have found no trans-
mission of the NYVAC vector to occur between vaccinated
and non-vaccinated animals (Mengeling et al 1994a and
unpublished data).

The piglets were challenged with virulent PRV oronasally,
five weeks after the second vaccination. After challenge the
piglets were monitored daily for the next 11 days for clinical
signs and rectal temperatures. The piglets were weighed 10
days prior to challenge, on the day of challenge, and on days
3,7, 10, and 17 after challenge. Oropharyngeal swabs were
taken just prior to challenge and on days 1, 3, 5, 7, 9 and 11
after challenge to determine the extent of viral shedding.

Serum samples were obtained from the gilts prior to vac-
cination, four weeks after the first vaccination and 24 hours
after farrowing. Serum samples from the piglets were
obtained prior to vaccination, three weeks after the first vac-
cination, five weeks after the second vaccination (just prior
to challenge) and 17 days after challenge.

Differences between experimental groups with regard to
VN antibody titres and weight responses on day 7 after chal-
lenge with virulent virus were analysed statistically, using
Student’s ¢ test.

Virus and cells

The inactivated PRV vaccine used to vaccinate the piglets
was the commercial product PRvV/Marker Gold-KV
(SyntroVet Inc.) which has deletions in its gE and gG glyco-
protein genes. A 2 ml dose was administered intramuscular-
ly.

The NYVAC strain of vaccinia virus is an attenuated vac-
cinia virus vector derived by genetically engineering the
deletion of putative virulence and host range genes from the
Copenhagen vaccinia virus vaccine strain (Tartaglia et al
1992). A 1 ml dose of 1075 median cell culture infective
doses (CCIDsp) was administered intramuscularly to the gilts
(NYVAC/gD) or piglets (NYVAC/gB or NYVAC/gD). NYVAC-
based viruses were propagated in primary chicken embryo
fibroblasts and titrated on bovine embryonic spleen cells
(BESp) using CCIDsy, as described previously (Brockmeier et
al 1993).

Two ml of the Indiana-Funkhauser strain of PRV, contain-
ing 108 plaque forming units ml-l, were administered
oronasally to challenge immunity of the piglets after vacci-
nation. An established porcine kidney cell line, PK-15, was
used to propagate and titrate PRV challenge virus and PRV
titrations were performed by plaque assay (Mengeling
1991).

Virus isolation and antibody titration

Virus isolation and titration of PRV from oropharyngeal
swabs were performed as described previously using BESp
and PK-15 cells respectively (Brockmeier et al 1993).

Titration of VN antibodies in the serum of pigs was per-
formed wusing PK-15 cells as previously described
(Mengeling 1991).

Sera from all piglets collected prior to vaccination, five
weeks after the second vaccination, and 17 days after chal-
lenge were tested for antibodies to PRV glycoprotein gE
using the Herdcheck: Anti-PRV-gI(gE) test kit (IDEXX
Laboratories Inc).
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RESULTS
Antibody response

All gilts were free of VN antibody to PRV prior to vacci-
nation and the non-vaccinated gilts remained PRV antibody
negative throughout the experiment. The three vaccinated
gilts had VN titres of 256, 1024 and 4096 after farrowing.
The VN antibody titres at the time of vaccination in piglets
born to vaccinated dams ranged from 128 to 8192 and the
geometric mean titres for the groups of these piglets ranged
from 295 to 210 (Table 2). All piglets born to non-vaccinat-
ed dams had no detectable VN antibody to PRV at the time
of vaccination. All piglets remained clinically normal fol-
lowing both injections.

Three weeks after the first vaccination, all VN antibody
titres in the piglets with maternal immunity were lower
than on the day of vaccination and there were no significant
differences between vaccinated and non-vaccinated groups
of piglets (Table 2). Of the scronegative piglets, group 2¢
had VN antibody titres which ranged from 32 to 256 after
the first vaccination, three of the five piglets in group 2a
responded after the first vaccination with titres of 2, and
none of the piglets of group 2b had titres after the first vac-
cination. Group 2d piglets remained seronegative until
challenge.

With regard to the piglets with maternal immunity, anti-
body titres after the second vaccination were, on average,
lower for all groups compared to the titres prior to the sec-
ond vaccination. However, the vaccinated piglets in group
la and 1c had significantly higher mean antibody responses
than did their non-vaccinated counterparts in group 1d
(P<0-05) (Table 2). The mean titre of piglets in group 1b
was higher than that of group 1d but not significantly high-
er (P<0-1). The titres of group 2a and 2c, were significantly
higher than the titres of group la and lc (P<0-01). Group
1b piglets had significantly higher mean antibody response
than group 2b piglets (P<0-01).

The antibody titres for all piglets were higher after chal-
lenge. The titres for the vaccinated pigs were greater than
the non-vaccinated pigs and were highest for the piglets
vaccinated with NYVAC/gD (Table 2).

Challenge

All pigs developed clinical signs of pseudorabies which
ranged from mild upper respiratory signs to severe respira-
tory distress, anorexia, lethargy, vomiting and seizures. The

TABLE 2: Log, geometric mean PRV neutralising antibody titres of
piglets born to vaccinated and non-vaccinated gilts (range)

Piglet Material

vaccine immunity Day 02 Day21® Day56° Day 734

NYVAC/gD Yes 10-0(8-13) 8:3(7-10)  6:2(4-8) 16-5(15-19)
No <1 0-5(<1-1) 10-2(10-11) 18-0(18)

NYVAC/gB Yes 10.0(8-13) 8-0(7-10) 53(3-6) 15-5(12-18)
No <1 <1 3-2(2-4) 14.6(12-17)

iPRV Yes 9-5(7-11)  7-8(6-10)  6-3(6-7) 14-0(13-15)
No <1 66(5-8) 11-2(10-12) 16.0(15-18)

None Yes 9.8(9-13) 7-5(6-10) 3-8(2-6)  11:0(11)
No <1 <t <1 10-7(10-12)

@ Pre-vaccination

b Twenty-one days after first vaccination
¢ Thirty-five days after second vaccination
d Seventeen days after challenge
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FIG 1: Mean percent weight gain before and after challenge with virulent PRV in
seronegative piglets vaccinated with NYVAC/gD, NYVAC/gB, iPRV or not vaccinated.
Key: —@— piglet 2a; —O— piglet 2b; —@— piglet 2¢; —1— piglet 2d

severity of clinical signs varied among the groups, with
group la and the non-vaccinated groups 1d and 2d experi-
encing the most severe signs while the other vaccinated
groups tended to have milder signs of disease. Group la
had two piglets die, one on day 6 and the other on day 14
after challenge. Group 1d had five piglets die; one on day
5, two on day 6 and two on day 11 after challenge. Group
2d had one pig die on day § after challenge.

All vaccines were similarly protective when given to
piglets that were seronegative prior to vaccination. Group
2a, 2b and 2c piglets, on average, did not loose weight after
challenge and weight gains were significantly better
compared with group 2d piglets which lost considerable
weight and had still not, as a group, regained their pre-
challenge weight by the end of the experiment (Fig 1).
Group 2a, 2b and 2c piglets had lower temperature respons-
es and shed less virus after day 3 post challenge than
did their non-vaccinated counterparts in group 2d (Figs 2
and 3).

After challenge, piglets in group 1a which had maternal
immunity and were vaccinated with NYVAC/gD did not per-
form as well as piglets in 2a which were seronegative
piglets vaccinated with the same vaccine. In fact, there was
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FIG 3: Mean viral shedding curves after challenge with virulent PRV in seronegative
piglets vaccinated with NYVAC/gD, NYVAC/gB, iPRV or not vaccinated. Key: —@—
piglet 2a; —C— piglet 2b; —@— piglet 2¢; —{ 3 piglet 2d
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FIG 2: Mean temperature response after challenge with virulent PRV in seronegative
piglets vaccinated with NYVAC/gD, NYVAC/gB, iPRV or not vaccinated. Key: —@—
piglet 2a; —O— piglet 2b; —— piglet 2¢; —{1— piglet 2d

no significant difference in the average weight loss between
groups la and 1d and temperature response of piglets in
group la was similar to that of non-vaccinated piglets (Figs
4 and 5). The piglets of group la did shed less virus after
day 5 post challenge than did non-vaccinated piglets (Fig
6). Piglets vaccinated with NYVAC/gB or iPRv which had
prior maternal immunity (groups 1b and 1c) had a lower
temperature response, significantly less weight loss
(P<0-02), and shed less virus after day 3 post challenge, on
average, than non-vaccinated piglets (Figs 4, 5 and 6). The
temperature response, weight response, and viral shedding
pattern of the piglets in groups 1b and 1c were similar to
those of groups 2b and 2¢ which were seronegative piglets
which received these vaccines (Figs 1-6) and there was no
difference between 1b and lc in providing protection.
There also was no difference in severity of disease between
the two non-vaccinated groups 1d and 2d.

Differential gE antibody testing

All piglets tested negative for antibody to gE prior to
vaccination and after the second vaccination. All piglets
tested positive for antibody to gE after challenge.
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FIG 4: Mean percent weight gain before and after challenge with virulent PRV in
maternally immune piglets vaccinated with NYVAC/gD), NYVAC/gB, PRV or not vac-
cinated. Key: —@— piglet 1a; —(C— piglet 1b; —m— piglet 1c; —+— piglet 1d
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FIG 5: Mean temperature response after challenge with virulent PRV in maternally
immune piglets vaccinated with NYVAC/gD, NYVAC/gB, iPRV or not vaccinated.
Key: —@— piglet 1a; —O— piglet 1b; —l— piglet Ic; —[3— piglet 1d

DISCUSSION

The purpose of this experiment was to determine if
recombinant vaccinia virus vaccines or a conventional vac-
cine could be used to vaccinate piglets with maternally
derived immunity from dams vaccinated with one of the
recombinant vaccines. In past experiments, no vaccination
schemes have been totally able to overcome the suppres-
sion of an active immune response caused by passively
acquired immunity (De Leeuw et al 1982, De Leeuw and
Van Oirschot 1985, De Smet et al 1994, Kit et al 1993,
McCaw and Xu 1993, Van Oirschot and De Leeuw 1985,
Van Oirschot 1987, 1991, Vannier 1985, 1986). Intranasal
vaccination of maternally immune piglets with attenuated
strains of PRV has induced partial protection but it is less
than the protection following administration of vaccine to
seronegative pigs (De Leeuw et al 1982, De Leeuw and
Van Oirschot 1985, McCaw and Xu 1993, Van Oirschot
and De Leeuw 1985, Van Oirschot 1987, 1991, Vannier
1986). This makes it difficult to know when to vaccinate
piglets to get an adequate active immune response. The
higher the level of passively acquired antibodies, the
greater the suppression and by the time the maternal anti-
body levels have decreased to a point where conventional
vaccines are effective at inducing active immune responses,
the piglets are probably no longer passively protected. This
leaves a window of time when the animals are susceptible
to disease.

In this experiment several vaccination strategies were
attempted to try to actively vaccinate piglets while still
under the protection of high maternally derived antibody
titres. We vaccinated pregnant gilts with a NYVAC vaccinia
vector expressing gD, and then vaccinated the piglets with
either inactivated PRV vaccine or NYVAC vectors containing
either gB or gD of PRV. As expected from past experiments
using the NYVAC/gD vaccine, this vaccine induced high VN
antibody responses in the gilts which were passed to the
piglets. We vaccinated the piglets twice because we know
from previous experiments that in the case of the NYVAC
vectors there must be a priming of the immune system from
the first injection to get a measurable response with the sec-
ond injection (Brockmeier et al 1993).

This is not the case with the iPRV vaccine, where one
vaccination is capable of stimulating a measurable immune
response.
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FIG 6: Mean viral shedding curves after challenge with virulent PRV in maternally
immune piglets vaccinated with NYVAC/gD, NYVAC/gB, iPRV or not vaccinated.
Key: —@— piglet 1a; —O— piglet 1b; —— piglet 1c; —{+— piglet 1d

The piglets with maternal immunity which were vacci-
nated with NYVAC/gD had significantly higher VN antibody
titres than maternally immune non-vaccinated piglets but
the titres were significantly lower than in seronegative ani-
mals vaccinated with this vaccine. This suggests that there
was an active immune response but it was suppressed by
the presence of maternal immunity. Upon challenge,
NYVAC/gD given to seronegative piglets protected well,
whereas it failed to protect adequately in maternally
immune piglets. It is probable that the immune response to
gD was diminished by antibodies to gD passed to piglets in
the colostrum of the gilts. We have found gD to be an espe-
cially good inducer of virus neutralising antibodies and we
have not found a diminished response to NYVAC recombi-
nants even when animals with existing NYVAC antibody
titres were vaccinated multiple times (Brockmeier et al
1993, Mengeling et al 1994b).

Piglets with maternal immunity vaccinated with iPRvV had
a significantly higher mean antibody response than non-
vaccinated maternally immune piglets but also had a signif-
icantly lower VN antibody response as compared with
seronegative piglets given this vaccine. Unlike the
NYVAC/gD vaccinated piglets, these piglets were protected
much better against virulent challenge. The antibody
response to gD may have been inhibited in this case,
explaining the decreased VN antibody titres, but the other
antigens of the virus are sufficient enough to induce a pro-
tective response. Another possibility is that the initial vac-
cination with this vaccine was blocked and that the second
vaccination given when the piglets were approximately five
weeks of age was more effective at stimulating an active
immune response. The antibody titres induced in seronega-
tive pigs after one injection of iPRV are similar to those
seen after the second injection in the pigs in this experi-
ment. However, the antibody titres at the time of the second
injection were still at a level that under most circumstances
interferes with active immunity.

Maternally immune piglets vaccinated with NYVAC/gB
had VN antibody titres slightly higher than their non-vacci-
nated counterparts and significantly higher than the
seronegative piglets given this vaccine. The higher titres in
maternally immune vaccinated piglets may be due to the
combination of anti-gD antibodies that were maternally
derived and the anti-gB antibodies produced in response to
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the vaccine. Both seronegative and maternally immune
piglets vaccinated with NYVAC/gB were similarly well pro-
tected from virulent challenge with PRV. There appeared to
be no inhibition of the immune response due to any pas-
sively acquired antibodies to the vaccinia vector and since
two different antigens of PRV were used, there should be
active immunisation with the second antigen.

VN antibody titres at the time of challenge did not corre-
late well with the degree of protection. For example, all
three vaccines protected similarly when given to seronega-
tive pigs, yet the geometric mean titres in these groups
ranged from 3-2 to 11-2. Also, even though the maternally
immune piglets which received NYVAC/gD had similar
titres to the maternally immune piglets which received
iPRv, and slightly higher titres than the piglets receiving
NYVAC/gB, they were not as well protected as the latter
groups. Curiously, all the non-vaccinated piglets born to
immune dams had VN vitres at the time of challenge which
were comparable with the seronegative group receiving
NYVAC/gB and yet this group of piglets was the most
severely affected in terms of mortality, with five of the six
pigs succumbing to the disease. These differences may
indicate different immune mechanisms induced by the dif-
ferent antigens of PRV. The PRV glycoprotein gD appears to
be a good inducer of neutralising antibodies and it may take
high levels of these antibodies to be protective. It is even
possible that low levels of these antibodies were detrimen-
tal, such as is seen in cases of antibody dependent enhance-
ment of disease. Glycoprotein gB on the other hand seems
to induce protection even though only low levels of neutral-
ising antibodies are present possibly indicating other
immune mechanisms such as antibody dependent cytotoxi-
city or cell mediated immunity are induced by this protein.

The results of this study indicate that different protective
antigens can be delivered to dams and their offspring
through vaccinia vectored vaccines to circumvent the prob-
lems associated with active vaccination in the presence of
matemally derived immunity. The compatibility of these
vaccines with differential testing indicates the potential to
use a combination of these two vaccinia recombinant PRV
vaccines, or a recombinant and a conventional vaccine, to
protect gilts and piglets alike from the effects of PRV infec-
tion, and reduce shedding of the virus. The principles of
delivering different combinations of protective antigens to
dam and offspring could be applied to other diseases as well.

ACKNOWLEDGEMENTS

The authors wish to thank Deborah Adolphson, Theresa
Rahner, Ann Vorwald, and Donald Hackbarth for technical
assistance. This study was done as part of a formal
Cooperative Research and Development Agreement

285

between USDA, ARS, and the Virogenetics Corporation,
Troy, New York. The initial stocks of the NYVAC strain of
vaccinia virus, both with and without gene inserts for pseu-
dorabies virus glycoproteins, were provided by
Virogenetics.

REFERENCES

BROCKMEIER, S. L., LAGER, K. M., TARTAGLIA, J., RIVIERE, M., PAOLET-
TI, E. & MENGELING W. L. (1993) Vaccination of pigs against pseudorabies
with highly attenuated vaccinia (NYVAC) recombinant viruses. Veterinary
Microbiology 38, 41-58

DE LEEUW, P. W., WIJSMULLER, J. M., ZANTINGA, J. W. & TIELEN, M.
(1982) Intranasal vaccination of pigs against Aujeszky’s disease 1. Comparison
of intranasal and parenteral vaccination with an attenuated vaccine in 12-week-~
old pigs from immunized dams. The Veterinary Quarterly 4, 49-56

DE LEEUW, P. W. & VAN OIRSCHOT, J. T. (1985) Intranasal vaccination of pigs
against Aujeszky’s disease: comparison with inactivated vaccines in pigs with
low maternal antibody titres. Research in Veterinary Science 39, 34-38

DE SMET, K., DE WAELE, K. & PENSAERT, M. (1994) Influence of vaccine
medium and vaccination schedules on the induction of active immunity against
Aunjeszky’s disease in maternally immune pigs. Research in Veterinary Science
56, 89-94

KIT, S., McCONNELL, S., KIT, M. & LAWHORN, B. (1993) Circumvention of
maternal antibody interference by immunization of newborn pigs with glycopro-
tein glll-deleted marker vaccine. Immunology and Cell Biology 71, 421-430

KLUGE, 1. P., BERAN, G. W, HILL, H. T. & PLATT, K. B. (1992) Pseudorabies
(Aujeszky’s disease). In Diseases of Swine. Eds A. D. Leman, B. E. Straw, W.
L. Mengeling, S. D’Allaire, D. J. Taylor. Ames, IA USA, Iowa State University
Press. pp 312-323

McCAW, M. B. & XU, J. (1993) Protection against pseudorabies virus infection by
intranasal vaccination of newborn pigs. American Journal of Veterinary
Research 54, 527-533

MENGELING, W. L. (1991) Virus reactivation in pigs latently infected with a
thymidine kinase negative vaccine strain of pseudorabies virus. Archives of
Virology 120, 57-70

MENGELING, W. L., BROCKMEIER, S. L. & LAGER, K. M. (1994a) Evaluation
of a recombinant vaccinia virus containing pseudorabies (PR) virus glycoprotein
genes gp50, Il and gIIl as a PR vaccine for pigs. Archives of Virology 134, 259-
269

MENGELING, W. L., BROCKMEIER, S. L., LAGER, K. M., VORWALD, A. C,
PAOLETTL E. & VANDEPUTTE, J. (1994b). The potential for use of vaccinia-
vectored vaccinnes in pseudorabies eradication programs. Proceedings of the
13th International Pig Veterinary Society, Bangkok, Thailand

TARTAGLIA, J., PERKUS, M. E., TAYLOR, I, NORTON, E. K., AUDONNET, .
C.,COX, W.1, DAVIS, S. W, VAN DER HOEVEN, J., MEIGNIER, B., RIV-
IERE, M. and 2 others (1992) NYVAC: A highly attenuated strain of vaccinia
virus. Virology 188, 217-232

VAN OIRSCHOT, J. T. & DE LEEUW, P. W. (1985) Intranasal vaccination of pigs
against Aujeszky’s disease. 4. Comparison with one or two doses of an inactivat-
ed vaccine in pigs with moderate maternal antibody titres. Veterinary
Microbiology 10, 401-408

VAN OIRSCHOT, J. T. (1987) Intranasal vaccination of pigs against Aujeszky’s dis-
ease: comparison with one or two doses of attenuated vaccines in pigs with high
maternal antibody titres. Research in Veterinary Science 42, 12-16

VAN OIRSCHOT, J. T. (1991) Intranasal vaccination of pigs against Aujeszky’s dis-
ease: protective immunity at 2 weeks, 2 months and 4 months after vaccination
in pigs with maternal antibodies. Veterinary Microbiology 27, 103-113

VANNIER, P. (1985) Experimental infection of fattening pigs with pseudorabies
(Aujeszky’s disease) virus: Efficacy of attenuated live- and inactivated-virus
vaccines in pigs with or without passive immunity. American Journal of
Veterinary Research 46, 1498-1502

VANNIER, P. (1986) Vaccination against Aujeszky’s disease by different routes
using live attenuated and inactivated virus vaccines in pigs with or without pas-
sive immunity. Journal of Veterinary Medicine B 33, 704-712

Received February 28, 1996
Accepted November 27, 1996



